The purpose of this study was to determine the prevalence of coprophagy in rats with differing iron status and its effect on the measurement of iron absorption from test meals with and without bran. Two experiments were performed using radioisotope-labelled microspheres added as a non-digestible marker for the ingested faeces and the diet and 59Feadded as a marker for the nonhaem iron in the test meal.
studies carried out on rats and other rodents are used to draw conclusions which are generalized for humans and human conditions as well, it is important to investigate the consequences of coprophagy on the results of studies on nutrient availability in rats. This has led to attempts to prevent coprophagy in rats using such methods as plastic collars (Neale, 1984) and anal cups (Barnes et al., 1963; Neal, 1982 Neal, , 1984 .
A study of iron absorption in rats, in which an attempt was made to reduce coprophagy, showed reduced haemoglobin concentrations indicating that reutilization of dietary iron from faeces may have been partially prevented (Neale, 1982) . However, other investigators have concluded that prevention of coprophagy does not play an important role in short-term iron absorption in rats (Geever et al., 1969). In order to evaluate the possible influence of coprophagy on the results of mineral absorption studies in the rat and its implications on their interpretation, a study was performed to determine the prevalence of coprophagy in rats with differing iron status and its effect on the measurement of iron absorption using radioisotope techniques.
Materials and methods Experiment 1
In the first experiment 36 3-week-old male albino Sprague-Dawley rats (Anticimex, Sollentuna, Sweden) were used. They were housed individually in metabolic cages and divided into 3 groups of 12 rats each using formal randomization.
The rats were fed an initial diet composed of two parts of a low iron, semi-synthetic basic diet Table 1 . Contents of the dough used in baking the basic diet
The dough was unleavened and baked in an hot air oven for 15 min at 180°C.
Mixing of the basic diet: the vitamins and the minerals were mixed together, then added to the milk protein and finally the starch. Vitamins A and D were added to the maize oil and the oil was then mixed thoroughly with the dry ingredients. (Table 1 ) and one part wheat crispbread (Table  2) . By adding iron sulphate to the bread dough, three different iron levels were obtained-7, 21 and 77/Lg Fe/g diet. The breads were unleavened and were baked for 15 min at 180°C in an hot air oven. Each of the 3 groups (A, Band C respectively) received one of these 3 diets and deionized water ad libitum for 19 days in order to establish 3 different iron status groups. On day 17, 50/Lg blood samples for haemoglobin determinations were taken by removing the tip of the tail with a scalpel blade.
On the 20th day the diet, but not the water, was removed from the cages for 12 h. Each of the 3 iron status groups of 12 rats was then divided into 2 subgroups of 6 rats each using formal randomization. One subgroup in each iron status group was then given 5 g of a test meal consisting of two parts low iron, semi-synthetic basic diet and one part wheat crisp bread to which iron sulphate was added so that the composite test meal contained 19/Lg Fel g diet. The other subgroup in each iron status group was given a test meal in which the wheat crisp bread had been exchanged for wheat bran enriched crispbread in which half the endosperm wheat flour was replaced by bran. This composite test meal contained 20/Lg Fe/g diet. Iron, phytic acid and fibre concentrations are presented in Table 3 . To the doughs used to make both these breads 113Sn-labelled microspheres (I/LCilg diet, NEN-TRACTM, New England Nuclear, Boston, MA) were added as a non-absorbable marker for the diet. The nits had free access to this test meal and deionized water for 2 h. Following this, each iron status group was given their original unlabelled diet for 3 days during which the retention of the I13Sn-labelledmicrospheres was measured daily in a whole-body scintillation detector.
Experiment 2
In the second experiment the experimental design was similar to experiment 1 with the same numbers of rats and groups, the same initial diets and the test meals. However, the 3 groups (A, Band C) received their initial diet for 14 days and the iron levels in the 3 diets were 7, 23 and 85 p.g Fe/g diet, respectively. After 10 days 57Co-labelled micro spheres (0,08 p.Cilg diet) were added to the breads as a non-absorbable marker for the recycled faeces. On the 15th day the rats were deprived of the diets but not water for a 15-h period. Each of the iron status groups of 12 rats was then divided into 2 groups of 6 rats using formal randomization. The subgroups in each group then received one of two test meals with 113Sn-labelledmicrospheres (0· 2 p.CiI g diet) described in the first experiment to which 59Fe (1 p.Cilg diet, Amersham, UK) had been added. Iron, phytic acid and fibre concentrations for these test meals are presented in Table 3 . The rats had free access to this test meal and deionized water for 2 h. The rats were killed by exsanguination under ether anaesthesia at the end of the test meal. A blood sample was taken for the determination of haemoglobin. The gastrointestinal tract was quickly removed and divided into 13 segments: stomach, duodenum (the first 5 em of the small intestine), jejunum ( 4 segments), ileum (6 segments) and the remainder of the intestine (caecum and the large intestine together). The samples of the stomach and the intestine were collected in plastic tubes. Samples of the liver and serum were collected in weighed, acid-washed, borosilicate glass tubes. The fresh weights of the liver and serum were recorded.
Whole-body measurements
The 113Snactivity in the rats in the first experiment was used as a relative measure of coprophagy in the 6 groups of rats. The 113Snactivity was measured in a whole body scintillation 315 counter with a 7,6 x 7 .6 cm Nal(TI) detector and a single channel analyser (AE 3207 AB Atomenergi, Studsvik, Sweden) calibrated to operate at the 0·391 MeV gamma peak of 113Sn. Food samples were used as references. The rats and food samples were placed 25 cm from the detector. The percentage of 1I3Snretained was calculated:
Initial 113Snafter test meal
Scintillation measuremeflts
The 57CO,1I3Snand 59Feactivities in the samples of the intestine as well as samples of the test meals were measured in a 7,4 X 8, 4 NaI(Tl) through-hole scintillation detector with a Packard Model 5330 gamma spectrometer calibrated to operate at the 0'122,0'391 and 1·290 MeV gamma peaks of 57CO, 113Snand 59Fe respectively. The background counting rate was subtracted from the counting rate' of each sample.
Retention of 57eo-labelled faeces or l13Sn-labelled diet and absorption of 59Fe
The amount of faeces or diet in the intestine from the ventricle or pylorus through two-thirds of the ileum in the rats in the second experiment was calculated as:
Retention of 57CO(or 113Sn)-labelledfaeces (or diet) (g) = 57CO(l 13 5n) activity in the intestine samples 57CO(113Sn)activity/g original diet
The coprophagy in the second experiment is defined as:
(g 57Co-labelled diet retained)· 100 g 57 Co-labelled diet +g 113Sn-Iabelled diet retained
The 57COrepresents coprophagy of the earlier diet ingested with the 1I3Sn-labelled test meal.
The relative absorption of 59Feinto the body 2 hours after introduction of the test meal in the second experiment was calculated as follows:
Iron concentrations
The samples of the liver were dried at 110°C for 3 days and the dry weights were determined. The samples were ashed for 2 days at 550°C and the ash was weighed. The ash was then dissolved in 3 moll1 HC1, evaporated overnight to dryness, dissolved in O' 5 ml 3 molll HCI, left to stand overnight and further diluted with O' 6 molll HCI as needed. The concentrations of iron were determined using atomic absorption spectrophotometry (Hallmans & Wing, 1978) . The samples of serum were diluted 5-fold with 0·1 molll Hel and the iron concentrations were determined by atomic absorption spectrophotometry using a pulse nebulizer technique (Palm et al., 1983) . The concentrations of iron in the diet were also measured using atomic absorption spectrophotometry (Hall mans & Wing, 1978) .
Haemoglobin measurements
The haemoglobin concentrations were determined spectrophotometrically at 540 nm using the cyanide method. A standard solution of methemoglobin was used as a reference.
Determination of phytic acid and fibre concentrations in the diet
In the determination of dietary fibre content in the diets and test meals an enzymatic method as described by Asp et 01. (1983) was used. In the determination of phytic acid concentrations a method ad modum Ellis et 01. (1977) modified ad modum Sandberg et al. (1982) was used.
Statistical analyses
The differences between endosperm and bran subgroup means were tested using Student's ttest for unpaired observations. The differences Tidehag et al. among group means were tested using one-way analyses of variance (F) and least significant differences (LSD). In all statistical tests we have chosen to reject the null hypothesis at the 10/0 level (P<O·Ol).
Results

Experiment 1
The mean body weight in the low iron status group was significantly lower than that in the marginal iron status group (Table 4 ). No significant difference was seen between the marginal and high iron status groups. Significant differences in the mean haemoglobin concentrations were seen among all 3 iron status groups ( Table 4 ).
The retention in the rats of the 113Sn-labelled microspheres that served as a non~absorbable marker for the test meal was measured after 1, 2 and 3 days to allow calculation of the fraction of the test meal remaining in the intestine (Fig.  1) . The two subgroups within each iron status group showed no differences on any of the 3 days and were therefore considered as one group (ttest P>0·05). One day after the test meal was given, no difference was seen between the low and marginal iron status groups while the high iron status group had a lower percentage retention than the 2 other groups ( Fig. 1 ; LSDo'OI = 17· 95). During the 2nd and 3rd days The results are given as the means ± SEM. The results of one-way analyses of variance (F) and least significant differences (LSD for P~O'OI) are presented. Means with different superscripts differed by more than LSDo. O \'
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Experiment 2
The mean body weights of the 3 groups at the end of the experiment were not statistically different (Table 5 ), but the body weights showed a pattern similar to that in the first experiment (Table 4 ). The iron status of the rats were characterized by a number of haemotological indides (Table 5 ). Both the blood haemoglobin and serum iron concentrations were significantly different in all 3 groups. The liver iron concentration was significantly higher in the high iron status group than the low and marginal iron status groups. Values are means ± SEM. The results of one-way analyses of variance (F) % food in the IntestiN! from (opro~y contents of the intestine from the pylorus to the distal ileum which derived from coprophagy was only 2-7% (Fig. 3 ). There were no significant differences in 59Fe absorption between the sub-. groups in each iron status group (P> O· 05). No significant correlation was seen of the absorption of 59Fe from the test meal to the measure of coprophagy ( Fig. 4 ; r = O· 1, P> o· 05). The rats in the low and marginal iron status groups retained more 59Fe than did the high iron status groups ( Fig. 5 ; LSD o . OI = 7 '08).
. groups.
Discussion
It has been suggested that the rat is not a suitable experimental model for iron availability studies as rats have been reported to recycle between 45 and 65% of their faecal material (Barnes et al., 1957; Waynforth, 1980) which may cause overestimation of iron absorption measured by haemoglobin regeneration (Neale, 1982) . Therefore, attempts have been made to prevent coprophagy in rats in order to evaluate its effect on iron availability studies (Geever et al., 1969; Neale, 1982 Neale, , 1984 using different methods which prevent the rats from reaching their anal region. While this may prevent coprophagy, its presence can cause stress to the animals which may affect food intake, absorption, metabolism and weight gain. To avoid unnecessary discomfort and unphysiological conditions for the rat, we decided to determine the extent of natural coprophagy.
In both experiments the low iron status group had the lowest body weight, significantly lower than the marginal group in the first experiment. This could be a consequence of low iron status. The reason for the smaller difference in the second study might be the shorter time period on the initial diets, 14 days as compared to 19 days in the first study.
In experiment 1 the retention of the nonabsorbable radioactive marker for the diet showed that the low iron status group had a higher retention from the test meal 2 and 3 days after ingestion. This could be due to an increased rate of coprophagy, but it could also be the result of a prolonged intestinal emptying time. There No significant differences in the degree of coprography were seen among the subgroups regardless of same iron status group whether meals were with and without wheat bran (Fig. 2, F= 1 '07, P> O· 05; Fig. 3 , F= O· 55, P> 0 '05). The average fraction of the contents of the intestine from the stomach to the distal ileum which derived from coprophagy varied between 5 and 220/0 in the six subgroups with large variations among individual rats within the subgroups. The fraction of the were no differences between the endosperm and bran subgroups within each iron status group.
It is difficult to evaluate the importance of this relatively large recirculation or retention of the diet without further data. Thus we designed a second experiment with two different radioactive markers, one for the initial diet that the rat might recycle and a second for the test meal. 59Fe was also added to determine whether or not coprophagy affected iron absorption.
Coprophagy occurred in all 6 groups at a mean rate of between 5 and 2211,70. This confirms the results of others on the occurrence of coprophagy in rats, but with lower values than those reported in other literature (Barnes et al., 1957; Waynforth, 1980) . The degree of coprophagy did not differ significantly among the iron status groups suggesting that the extent of coprophagy is not correlated to the iron status of the rat. Coprophagy is thus not influenced by the iron status but appears to be normal behaviour in rats as earlier suggested by the results of Barnes et al. (1957) who showed that rats ingest faeces even when fed a complete diet. The high iron status group had a lower retention of 59Fe from the test meal compared to the other two groups despite the fact that they showed the same degree of coprophagy. Thus the absorption of iron was reduced due to the high iron status and not affected by the extent of coprophagy. The bran added to one of the two test meals affected neither the extent of coprophagy nor the absorption of 59Fe. This does not, however, exclude the possibility that a diet rich in bran may affect coprophagy in long-term studies.
Our conclusions from these experiments are (1) coprophagy occurs in all rats with large variations in individual animals; (2) the extent of coprophagy is not affected by the iron status;
(3) the addition of bran to the diet does not influence the amount of coprophagy in shortterm studies; and thus (4) the relative iron absorption measured as the retention of 59Fe from a single meal, if it was at all affected by coprophagy, should have been affected approximately equally in groups with similar iron status and comparisons of iron absorption from diets with and without bran, for example, should not be affected by coprophagy.
